Abstract The aim of this study was to critically analyse the various outcome measures available for assessing wrist and hand function. To this end, an extensive literature search was performed on Medline, PubMed and the Science Citation Index, focusing on terms associated with the method of development of the outcome measures item generation, item reduction, validity, reliability, internal consistency and their strengths and weaknesses. The most commonly used outcome measures described in literature were the DASH score (disability of shoulder, arm and hand questionnaire), the PRWE score (patient-rated wrist evaluation questionnaire), the Brigham and Women's carpal tunnel questionnaire and the Gartland and Werley score. Our study provides very useful evidence to suggest that the PRWE score is the most responsive instrument for evaluating the outcome in patients with distal radius fractures, while the DASH score is the best instrument for evaluating patients with disorders involving multiple joints of the upper limb. The Brigham and Women's score is a disease-specific outcome instrument for carpal tunnel syndrome; it has been validated and demonstrated to show good responsiveness and reliability in evaluating outcome in patients with carpal tunnel release. The Gartland and Werley score, although the most commonly described instrument in the literature for evaluating outcome after wrist surgery, has not been validated so to date.
Introduction
Outcome assessment has become important in evaluating the efficacy of surgical procedures. In accordance with this, most orthopaedic surgeons are now of the opinion that a proper outcome assessment should be performed after any form of surgery. Such an assessment facilitates surgeons in distinguishing between various treatment methods and helps to identify effective treatment options which, in turn, improves patient care.
A wide variety of outcome measures have been proposed for upper limb extremity disorders, including those for the evaluation of wrist and hand function. Some of these are generic instruments, such as the Short Form (SF)-36 [14] and sickness impact profile [3] . These generic measures assess the impact of musculoskeletal problems on the overall health and well being of patients, and they were designed for broad use in a variety of disorders. However, more specific outcome instruments have been designed for specific use in musculoskeletal problems, including those specific for anatomical regions, such as the patient-rated wrist evaluation score (PRWE) [12] , and those for outcome measures for specific diseases, such as carpal tunnel syndrome (CTS) [9] .
The traditional methods for evaluating wrist and hand function following an intervention consist of measuring grip strength and assessing the range on motion, both which provide a good, objective analysis of outcome. However, these methods do not take into account other aspects related to an analysis of outcome, such as the patient's ability to carry out activities of daily living, the ability to return to previous occupations and pain. Hudak et al. [7] emphasised that to evaluate outcome following hand surgery, appropriate, reliable and validated outcome measures are required that take into account all aspects of patient life that may be affected.
This aim of this article is to critically analyse the outcome measures commonly used in the evaluation of wrist and hand function.
Materials and methods
An extensive literature search was carried out on Medline, PubMed and other search engines available online. The outcome instruments described in the literature for evaluating wrist and hand function are the disability of shoulder, arm and hand questionnaire (DASH), Brigham and Women's Hospital carpal tunnel questionnaire (CTQ), the patient-rated wrist evaluation questionnaire (PRWE), the Gartland and Werley score, the hospital for special surgery wrist scoring system (HSS), the Lamberta and Clayton wrist score and the Wrightington wrist function score. We selected the four most commonly used instruments -the DASH questionnaire, PRWE score, Gartland and Werley score and Brigham and Women's Hospital CTQ -for further evaluation in terms of their development, validity, reliability, consistency and strengths and weaknesses.
Analysis of outcome measures

DASH questionnaire
The DASH score was first described in 1996 by Hudak et al. [7] . The main objective behind its development was to develop a regional outcome measure which conceptualises the upper extremity as a single functional unit. This would allow greater uniformity in research and would give greater relevance to the input from the patient himself rather than relying on other factors, such as radiographs, range of motion and grip strength.
DASH claims to assess both symptoms and functional status with a focus on physical function in populations with upper extremity musculoskeletal conditions. DASH is self administered by patients and aims to capture the patient's own perception of upper extremity function.
Development, item generation and item reduction
Thirteen scales and 821 items were chosen after extensive review of the literature, and these were used in measuring the outcomes of various upper extremity conditions. The initial item reduction was done on the basis of judgement from experts, with a subsequent reduction to 177 items. These were later reduced to 75 by content experts and finally reduced to 30 items after preliminary testing on patients.
Scoring
The DASH questionnaire comprises 30 items that evaluate symptoms and physical function with five response options for each item. The final score can be calculated using a simple formula:
The questionnaire takes the patient 10-15 min to complete and the administrator takes another 10 min to calculate the final score, which makes this a time-consuming outcome instrument. The reliability, as reported by Cronbach's alpha, is 0.9615, and test-retest reliability is 0.9219.
Construct validity
Convergent construct validity was demonstrated through the correlation between the DASH score and other joint specific instruments, such as the Brigham CTQ (0.73) and SPADI (shoulder pain and disability index) (0.72). The correlation of DASH with severity of pain in the wrist joint was weak (0.67), making it less valid for use in patients with wrist disorders.
Test-retest reliability
A group of 86 patients was asked to complete DASH at baseline and then 3-5 days later. The Pearson correlation between the baseline and retest scores was 0.96, suggesting an excellent reproducibility for the DASH score.
Responsiveness
The change in DASH was found to correlate well with changes in the patient's condition. The DASH questionnaire demonstrated a change in all situations in which change presumably occurred. The standardised response mean (SRM) of 0.74 for DASH was comparable to 0.76 for such joint specific outcome measures as the Brigham score. This demonstrates the ability of DASH to differ in accordance with alterations in the patient's condition and its ability to show even very small change.
Brigham and Women's Hospital CTQ This self-administered questionnaire was first described by Levine et al. in 1993 [9] . It was developed to assess the severity of symptoms and functional status and response to treatment in patients with CTS.
Development, item generation and reduction
Following consultation with hand surgeons and rheumatologists, Levine et al. identified six critical domains for the evaluation of CTS: pain, test-retest reliability of paraesthesia, numbness, weakness, nocturnal symptoms and overall functional status [9] . A symptom severity scale was developed comprising 11 questions incorporating these six domains. Twelve functional activities commonly affected in CTS, such as writing and holding a cup, were also identified. These were reduced to eight after pilot testing and included in the questionnaire as a functional status scale.
Scoring
The patients were asked to answer all 11 questions included in the symptom severity scale and the eight questions included in the functional status scale. The answer to each multiple-choice question ranged from mild (1 point ) to most severe (5 points). The overall score was calculated as the sum of the mean of scores for all items on the symptom severity scale and functional status scale.
Validity
Content validity was tested by consulting a group of hand surgeons, rheumatologists and patients. A correlation between the scores on the scales and a variety of physical instruments, such as grip strength and pinch strength, used for measuring hand function was determined through a prospective study on 67 patients. The scores for severity of symptoms had a moderate Spearman correlation with grip and pinch strength. The functional status scores had a high correlation with the severity of the symptoms and a moderate correlation with grip and pinch strength. A correlation was also calculated for patient satisfaction after the operation and the improvement in scores: a greater satisfaction was associated with a greater improvement in scores for both the severity of symptoms and functional status. All of these correlations were statistically significant. Overall, this indicated a good validity for the CTQ score.
Test-retest reliability
A group of 39 patients were asked to complete the questionnaire on two separate occasions on two consecutive days. The Pearson correlation coefficient was 0.91 for the symptom severity scale and 0.93 for functional status, indicating very good reproducibility.
Internal consistency
Cronbach's alpha indicating inter-item correlation within each scale was 0.89 for the symptom severity scale and 0.91 for the functional status scale. This implies an excellent internal consistency between the different items on the scale and also means that the scales could function well as a unidimensional index of severity of symptoms and functional status for patients with CTS.
Responsiveness
Responsiveness was tested on 38 patients who underwent carpal tunnel release surgery. The preoperative symptom severity score was 3.4±0.67 (mean and SD); the mean postoperative score was 1.9±1.0. These scores indicate a substantial responsiveness to clinical change. The effect size was 1.4. The preoperative functional status score was 3.0±0.93 compared with the postoperative functional score of 2.0±1.1, again a substantial improvement. The effect size in this case was 0.82. As an additional indicator of responsiveness, the correlation between patient satisfaction with the results of the operation and the reduction in score was calculated. This correlation was good, suggesting that CTQ is sensitive to change in the clinical picture in patients with CTS.
Patient-rated wrist evaluation score
The PRWE score was originally described by MacDermid et al. in 1998 [12] . The aim of the questionnaire is to provide a reliable and valid tool for quantifying patientrated wrist pain and disability in order to assess outcome in patients with distal radius fractures.
Development, item generation and reduction
The questionnaire was developed by surveying wrist experts, reviewing the biomechanical literature and carrying out patient interviews. This resulted in the identification of the domains of pain and function as priorities for the evaluation of wrist function. The items in both these essential domains were further reduced by expert and patient review as well as pilot testing. Pain items were modified to incorporate the whole spectrum of severity, both in intensity and frequency. Functional items were modified to include items that were commonly performed by either hand, performed by most of the patients and easy to understand. The intention was that the questionnaire be simple and brief.
Scoring
It is self administered by the patient. The score consists of two domains -pain and function -both of which carry equal weight. There are five items in the pain domain and ten items in the function domain. The response to each item is scored on a scale of 0-10. The pain score is the sum of five items, a worse score of 50; the disability (function) score is the sum of ten items, divided by 2. Thus, the total function on the PRWE scale ranges from 0 (normal wrist) to 150 (worst possible score).
Construct validity
The change in the disability over time was evaluated in 101 patients with wrist fractures. A statistically significant improvement was found (p<0.0001), with the amount of improvement being 74% as compared to the SF-36 score, which reported an improvement of 14% (p<0.0001).
Criterion validity
The PRWE score was correlated with the SF-36 score and with an impairment score that was based on an assessment of physical functions, such as range of movement of wrist joint, grip strength and dexterity. The PRWE score showed a correlation with the SF-36 score of between 0.33 and 0.73. There was a low correlation with the SF-36 mental summary score and a high correlation with bodily pain score and physical function score. The PRWE score correlated poorly -0.52 (weak to moderate correlation) -with an impairment score (score for the measurement of function impairment in patients, which raises questions over the validity of this score, as an impairment score is the aspect which corresponds to the function of the PRWE scale, an important aspect when evaluating outcome in patients with distal radius fractures.
Test-retest reliability
This was tested on three groups of patients. Groups 1 and 2 comprised patients with distal radius fractures currently undergoing physiotherapy and having completed physiotherapy, respectively, while Group 3 patients had scaphoid fracture non-union and were tested for long-term retest reliability. A short-term retest reliability testing was performed on the first two groups. An excellent intra-class correlation (ICC; >0.90) was found for pain subscales for all three groups. The function subscales showed an excellent reliability in the distal radius fracture group (ICC > 0.85) but only moderate reliability over the longterm in Group 3 (ICC > 0.61). No appropriate testing for internal consistency and responsiveness was performed, which makes the PRWE score rather weak in terms of overall reliability. Gartland and Werley score This is one of the most commonly used outcome measures for evaluating wrist and hand function. This was initially described in 1951 by Gartland and Werley [4] . This score is completed by the administrator after the patient has been examined. This system is based on a demerit point system which involves an objective evaluation of wrist function. It relies on the concept that a minimum of 45°dorsiflexion, 30°p almar flexion, 15°ulnar and radial deviation and 50°p ronation and supination is normal. Demerit points are given based on the presence of a specific arbitrarily determined degree of loss of range of movement. For example, five points are given for a 45°loss of dorsiflexion, and only one point is given for loss of palmar flexion of more than 30°. Depending on the number of points scored, the outcome is classified as excellent, good or poor. Sarmiento et al. [13] later modified the system to include a loss of pronation and grip strength.
Lucas and Sachtjen [10] further modified it by adding such non-objective variables of hand as median nerve impairment, reflex sympathetic dystrophy and the stiffness of digits. They removed grip strength from the criteria of functional outcome. These changes were implemented to incorporate all of the possible outcomes and complications that can occur following wrist injuries, particularly distal radius fractures.
Validity, reliability and responsiveness
Despite the extensive use of this outcome measure, there have been no validity studies carried out to date. This is the one of the very few outcome measures which we found to provide an objective evaluation of outcome and may well be the reason that makes this measure very popular among orthopaedic surgeons. However, no appropriate methodology seems to have been applied for identifying the domains which makes this less reliable for use.
Discussion
The relatively large number of outcome measures available for evaluating wrist and hand function provides clinicians with a wide range of choice, thereby enabling them to use that outcome instrument which is the most appropriate and suitable. The choice of an outcome measure is determined by the clinical condition one wishes to assess; the resources available and the psychometric properties are often additional determining factors [1] .
We analysed the DASH score because this is the only score which considers the whole upper limb as a single unit; as such, it may be useful for assessing outcome in any upper limb pathology irrespective of the site [6] . PRWE was analysed as this score is specific for the outcome from one joint. The Brigham CTQ was chosen for analysis as it is disease-specific. The Gartland and Werley score is the most commonly used outcome measure in the literature and the only one dependent on the administrator's objective assessment.
Karnezis et al. [8] compared the association between objective clinical variables, such as grip strength and wrist movements, and PRWE score by means of regression analysis, which revealed the limitations of objective assessment in reflecting the level of disability of the wrist. These researchers were unable to establish an association between PRWE and the Gartland and Werley score, which proved that movements of the wrist joint and grip strength alone are not a reliable way of measuring outcome. Gay and et al. [5] analysed the comparative responsiveness of the DASH score, the Brigham wrist score and the SF-36 to clinical change after carpal tunnel release. The instrument most sensitive to clinical change, assessed at 12 weeks post-carpal tunnel release, was the Brigham score (effect size/standardised response means; 1.71/1.66), followed by the DASH score (1.01/1.13) and the SF-36 score (0.57/ 0.52). There was a good correlation between the DASH and the Brigham score (Spearman correlation coefficient: 0.87), which makes the Brigham score a reliable, valid and sensitive tool for assessing outcome in patients with CTS.
Beaton et al. [2] compared the validity, reliability and responsiveness of the DASH score with those obtained from joint-specific measures and found that the former correlated well with other joint-specific measures such as the Brigham and Women's CTQ score for the wrist joint and the SPADI score for the shoulder joint. They also found that the responsiveness of the DASH score to self-rated or expected change was comparable to or better than other joint-specific measures, both in the whole group and in each region. This confirmed the usefulness of the DASH score across the whole upper limb, particularly in patients with multiple upper limb joint involvement.
Macdermid et al. [11] compared the responsiveness of the DASH, PRWE and SF-36 scores in evaluating recovery after distal radius fractures. The PRWE score was the most responsive of the three in this particular group of patients (SRM: 2.27), followed by the DASH (SRM: 2.01) and the SF-36 (SRM: 0.92). This makes the PRWE score a reasonably reliable, valid and sensitive tool for assessing outcome in patients with distal radius fractures. Table 1 presents a summary of the four outcome instruments discussed in detail in this article. The DASH score is the best instrument for evaluating patients with disorders involving multiple upper limb joints. The Brigham score is a diseasespecific validated outcome instrument for carpal tunnel syndrome. The PRWE score is a validated tool for assessing outcome in patients with distal radius fractures, and the Gartland and Werley score provides an objective assessment of outcome, but its use has not yet been validated.
Conclusion
